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(57) Abstract: 

PURPOSE: To make it possible to analyze very small 
amount of U or Th in a sample at a high sensitivity and 
a high accuracy, and rapidly, by covering a cuvette 
surface and the electrode surfaces with an oxide or 
nitride membrane of a high melting point of metal, and 
inserting a tube made of a high melting point of metal 
covered with an oxide or a nitride membrane same as the 
above coverage in a sample pouring hole of the cuvette. 

CONSTITUTION: The surface of a cuvette 1 the sample 
gas is contacted and the surfaces of electrodes 5a and 
5b are covered with an oxide or nitride membrane of a 
high melting point of metal. Moreover, a sample pouring 
hole 4 is formed in the cuvette 1, to which a tube 3 
whose surface is covered with the oxide or the nitride 
membrane same as the above coverage is inserted. As 
the high melting point metal oxide, tantalum oxide, 
tungsten oxide, or zirconium oxide, for example, is 
used. And as the high melting point metal nitride, 
tantalum nitride, tungsten nitride, hafnium nitride, or 
zirconium nitride, for example, is used. The thickness 
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[57] ABSTRACT 
A sample introducing apparatus for an inductively cou- 
pled plasma mass spectrometer comprises a means sup- 
plying the inert gas for carrying the vaporized sample, 
a heater for defining the path through which the inert 
gas is passed as well as having the inner surface, on 
which the sample to be analyzed thereon is put and for 
generating the heat with the electrical being applied, in 
which the film structure is formed on said surface, and 
the surface contacted with the inert gas of the film 
structure vaporized the sample made of any one of the 
high melting metal oxide and the high melting metal 
nitride, an electrode structure for supporting the heater 
and supplying the electrical power to the heater. 
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detection accuracy is limited to 10~ 11 g to 10 -12 g., 
APPARATUS FOR INTRODUCING SAMPLES and the method cannot practically apply to a small 
INTO AN INDUCTIVELY COUPLED, PLASMA sample such as thin semiconductor film. 

SOURCE MASS SPECTROMETER It has been proposed tnat an apparatus, which vapor- 

5 izes samples, thereby to introduce the samples into a 
BACKGROUND OF THE INVENTION inductively coupled plasma mass spectrometer with an 

t. Held of the Invention increased efficiency, be mounted on the mass spectrom- 

The weaent invention IvW* t« »« o™.^,. f~ U such m apP^*™. * sample is placed on the 

The present raventara relates to an apparatus for heat-generating plate of a heater. The sample is heated 
introducing samples into a ma^ spectrometer, and more 10 gradually byte heater in an inert gas flow The sampk 
particularly to an apparatus for introducing samples fs heate* and the target element, U or Th, vapcS 
mto an mductively coupled pksrna source mass spec- The heat-generating plate is made of a material having 
tmmeter, thereby to measure the amount of uranium or a high-melting point, such as graphite, tantalum, or 
thorium contained in semiconductor materials. tungsten. 
2. Description of the Related Art 15 When the plate is made of graphite, U or Th con- 

If semiconductor material for manufacturing a mem- taincd in the vaporized sample reacts with graphite, 
ory (e.g., a dynamic memory) contains uranium (U) or inevitably forming carbide. Consequently, the effi- 
thorium (Th), the radioactive element will emits rays as ciency of ionization of U or Th decreases, or U or Th 
it undergoes spontaneous decay, inevitably causing remains in the heat-generating plate to cause so-called 
software errors in the cells of the memory. In order to 20 "memory effect." Either insufficient ionization or the 
make a high-speed memory of a high integration density memory effect greatly reduces the accuracy of measur- 
and a great storage capacity, the semiconductor mate- ™g the U content or the Th content, 
rial (e.g., packaging material and chip material) prefera- Cm the other hand, when the plate is made of tanta- 
bly contains as little U or Th as possible. lum or tungsten, the U or Th, which is an impurity 

Among the known methods of measuring the content 25 conta ined in the metal in a very small amount, is de- 
of U or Th in semiconductor materials are: tested along with the U or Th contained in the sample, 

(jl) Liductively coupled plasma emission spectromc- to . case ' h 58 difHcult to analyze the U or Th con- 
i try tained in the sample when the U or Th content of the 

(2) Fluorescence spectrometry sample is less than the U or Th content of the metal. 



(3) Radio-activation analysis 30 SUMMARY OF THE INVENTION 

The first two methods cannot measure an extremely 



ine nrst two metnods cannot measure an extremely » „ . 
Beside, the, cannot be used m ptactic* when the Urn- TZZTZZF^TVF?* «**»>». 



mot -These methods inevitably require a long tunc to mix with the samples bring introduced into the mass 



tin jmalyria, is generally employed to measure the Another object of the invention is to provide an appa- 
content of U or Th m semiconductor materials, but is rates for introducing samples into an inductively cou- 
not practical since it needs the assistance of a nuclear 40 pled plasma mass spectrometer, with high efficiency so 
reactor. that the mass spectrometer can detect U or Th con- 

Recendy, an inductively coupled plasma source mass tained in each sample in a small amount, with high 
spectrometer has been used in an attempt to analyze U accuracy at high speed. 

or Th, instead of any of the three methods mentioned According to the invention, there is provided an 
above. This new method is disclosed in Rober S. Houk 45 apparatus for vaporizing a sample and introducing the 
et al. Inductively Coupled Argon Plasma as an Ion Source vaporized sample mto an inductively coupled plasma 
for Mass Spectrometric Determination of Trace Ele- source mass spectrometer, comprising: 
ments, AnaL Chan, Vol. 52, pp 2283-2289, 1980, Alan means for supplying an inert gas which transfers the 
R- Date et al., Plasma Source Mass Sepectrometry Using vaporized sample; 

an Inductively coupled plasma and High Resolution 50 * heater for generating a heat with an electrical 
Quadrupole Mass Filter, Vol. 106, 1255-1267, 1981 and power, which is provided with a film structure having 
U.S. Pat No. 4,501,965, Donald J. Douglas. As these inner surface for defining a path through which the 
- publications teach, the inductively coupled plasma mass meit gas m paMed ■** on whicn ^ sample is to be 
spectrometry is carried out in the following way. First, jolted, the film structure including a material for form- 
a dissolved sample is made misty by a nebulizer. Next 35 mner 8urface - essentially consisting of one 

the misty sample is introduced into the inductively cou- from group coasistin 8 of a metal oxide and 

pled plasma, and changed into excited ions. These ions am r . 

are mass-separated by means of a quadruple mass filter. ™ dectrode structure for supporting the heater and 
whereby tlTcontent of U or Th hi the Lple is met « supplying the electrical power to the heater, 
snred by electron multiplier. me sample is mea a according to the present invention, there is 

Theind^tivelycoulled plasma mass ^spectrometry Tmea^u™^^ 
can provide more accurate results than the inductively ized sample: carrying a vapor 

^S^t^HoT^ T^f?, 0 - a hcater for 8 enetatin 8 a «»* *** « 

™T£T y , meth0d f dlsadva, " a - 65 power, which is provided with a film structure having 
geous m two respects. First, the samples cannot be an inner surface for defining a path through which the 
introduced mto the plasma .with high efficiency. Sec- inert gas is passed and on which the sample is to be 
the located, the fnmstructureindudes a material for form- e 
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rag the inner surface, and essentially consisting of one* electrode assembly 5, parallel annular grooves 27 are 
selected from the group consisting of metal oxide and made in the inner surface of that portion of cuvette lor 
miwrfntride; tube 3, or both, which have holes 2 and 4, as is illus- 

an electrode structure for supporting the heater and trated in FIG. 3. These annular grooves 27 prevent 
supplying the electrical power to the heater; 5 sample 26 from moving within cuvette 1 or tube 3, or 

a means for ionizing the vapored sample with a from flowing therefrom. If sample 26 moves on the 
plasma into excited sample ions; inner surface of heated cuvette 1 or tube 3, the condi- 

a means for introducing the sample ions; and tion under which the sample is vaporized changes each 

a means for mass-separating the introduced sample analysis is needed, due to the changes of the tempera- 
ions and detecting the intensity of the introduced ions. 10 ture distribution in heated cuvette 1 or heated tube 3. 

BRIEF DESCRIPTION OF THE DRAWINGS Th« changesof the condition do not occur because of 

grooves 27. That is to say, fine grooves are formed on 

FIG. 1 is a schematical view illustrating a system the circumference near the inner surface of cuvette 1 or 
comprising an inductively coupled plasma mass spec- near the inner suiface of tube 3, whereby part of the 
trometer and an apparatus for introducing samples into 13 sample injected through hole 2 or 4 flows into and stays 
the inductive coupled plasma mass spectrometer, said in grooves 27 by the surface tension. Even when the 
apparatus being one embodiment of the present invert- inert gas is passed through cuvette 1 or tube 3, or even 
iton; when cuvette 1 or tube 3 is slanted, the sample remains 

FIG. 2 is an enlarged view of the sample^ntrodudng in cuvette 1 or tube 3. As a result^ even though die 
apparatus shown in FIG. 1; 20 distribution of the temperature is altered in cuvette 1 or 

FIG. 3 is a enlarged cross-sectional view showing the tube 3, it is possible to heat and vaporize the sample 
cuvette and the tube, both used in the apparatus of FIG. under the same condition, thus enabling the inductively 
2 '™% JTTr „ _ , . coaled Plasma mass spectrometer to measure the 

FIG. 4A and FIG. 4B are perspective views showing contact of any component of the sample with high accu- 
the cover used in the apparatus shown in FIG. 2 during 25 racy. 

the analysis of the sample. To prevent the sample from moving from the middle 

DETAILED DESCRIPTION OF THE portion of the inner surface on cuvette 1 or tube 3, it is 

PREFERRED EMBODIMENTS doable that the width or depth of grooves 27 be large. 

However, if it is excessively very large, the cuvette or 
FIG. 1 schematically illustrates an analyzing system 30 the tube is easy to break. Therefore, it is practically 
provided with an inductively coupled plasma mass desirable the that grooves 27 have a width or depth of 
spectrometer and an apparatus for introducing the sam- 1 -10 urn. 

pies into the inductively coupled plasma mass apectrom- Annular grooves 27 are formed by scratching the 
eter. The sample-introducing apparatus is embodiment inner surface of cuvette 1 or tube 3 by means of a jig 
of the present invention. 35 having a sharp edge and made of a hard material, for 

FIG. 2 is an enlarged view of the sample-introducing example, super-hard alloy, ceramics, glass, etc. In order 
apparatus. As is shown in FIGS. 1 and 2, the apparatus to form grooves 27, an electron beam or a laser beam 
has cuvette L Cuvette 1 is made of a heat-generating can be applied to the inner surface of cuvette 1 or tube 
material such as graphite. It has, in its middle portion. 3. Alternatively, grooves 27 can be formed by chemi- 
hole 2 through which to introduce a sample into cuvette 40 cally etching the inner surface of cuvette 1 or tube 3. 
1. Tube 3 made of a metal having a high melting point After forming grooves 27, the inner surface of cuvette 1 
. is mounted on cuvette L It has hole 4 which is coaxial or tube 3 is contaminated by the impurities. Due to it, 
with hole 2 of cuvette 1. Hence, the sample can be • prior to assembling cuvette 1 or tube 3 into the appara- 
lntroduced into cuvette 1 through these holes 4 and 2. tus, the impurities must be removed by washing cuvette 
Cuvette 1 and tube 3 are placed within hollow cylindri- 45 1 or tube 3 with acid or by heating cuvette 1 or tube 3 
cal electrode assembly 5 consisting of pair of electrodes at, for example, 2600 -3000" C, in a flow of an inert gas 
Sa and Sb which are also hollow cylinders. Electrodes such as argon. 

5a and 5* can be moved away from each other, in their As shown in FIG. 1 and FIG. 2, electrode blocks la 
axial direction. Cuvette 1 has both ends fixed to the and 76 have passages 8a and 8b through which to sup- 
mner surfaces of electrodes 5a and 5b, respectively. 50 ply water to cool these blocks 7a and 7b. In electrode 
Electrode 5a has hole 6 into which to insert a pipe. blocks 7a, 7b there are respectively inserted quartz pipe 
Insulating layer 5c is interposed between electrodes 5a 9a used as the outlet part for the carrier gas such as 
and 56. thus electrically insulating electrode 5a from argon and helium, etc., and quartz pipe 9b used as the 
electrode 5b. inlet port f or ^ ^ ( A of hydrogen is 

Electrode assembly 5 is held within hollow cylindri- 55 added to said argon and helium.) These inlet and outlet 
cal electrode structure 7 consisting of electrode blocks ports communicate with the flowing path made in elec- 
7a and 7b wupled to each other. Both blocks 7a and 7b trade structure 7 and electrode assembly 5. Also, in 
are made of good electric conductor. Insulating layer 7c order to supply the carrier gas into the space between 
is mterposed between electrode blocks 7a and 7b, thus cuvette 1 and electrode assembly 5, outer passages 10a 
electrically insulating block 7a from block 76. 60 and 106 are formed in electrode structure 7 and elec- 

Cuvette 1, assembly 5, and structure 7 are made of a trode assembly 5. Also, inner passages 11a and 116 are 
good electnc conductor which remains intact at a tern- formed in electrodes 7a and 76 and located near the 
perature ranging from 2600 to 3000* C. More specifi- inserting portions of quartz pipes 9a and 9b to flow the 
cally, they can be made of graphite, tantalum, tungsten, carrier gas during the drying of the sample in tube 3 and 
radium, zirconium, or the like. According to the inven- 65 during the vaporizing of the sample 
tiononly cuvette lor only tube 3 may be placed within Cuvette % tube 3, electrode assembly 5, andelectrode 
electrode assembly 5. No mater whether cuvette 1 or structure 7 constitute a furnace. In this furnace, the 
tube 3, or both (as is shown in FIG. 2) are placed within surfaces of cuvette 1, tube 3, and electrodes 5a and 56 
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which the heated inert gas or the vaporized sample is connected by third electronic valve 22 to quartz pipe 
contact, are coated with metal oxide film or metal ni- 9b, which is the inlet port for supplying the carrier gas 
tride film, either having a high melting point. It is pref- into the heating furnace. Fourth and fifth electronic 
erable that the surfaces of cuvette 1, tube 3, and dec- valves 34A and 34B are located in pipe arrangement 29 
trodes Sa and 5b are coated with coated film of a two- 5 connecting the heating furnace and the plasma torch 28 
layer structure, consisting of carbide film and oxide film of inductively coupled plasma mass spectrometer 30. 
or nitride film (both having a high melting point metal) Between quartz pipe 9a and the plasma torch 28 there 
formed one upon the other. Groove 27 formed in the are parallel connecting tubes 32\ to 32s made of a trans- 
inner surface of cuvette 1 or tube 3 have a depth less parent and acid-resistant material. Infrared heaters 33i 
than the thickness of the carbide film, the oxide film or 10 to 333 surround tubes 32! to 323,- respectively. Also, 
the nitride film, or the coated film thickness of two- three-way valve 34a and 34* are provided in the con- 
layer structure. Grooves 27 are coated so that the ports necting portions of connecting tube 32i to 323, respeo- 
- of cavcttc 1 or tube 3 are not exposed. Cuvette 1 is made tively, for changing the paths of the carries gas. 
of graphite and fitted in tube 3. In the case where cu- As has been described, infrared heater 33i surrounds 
vette 1 and tube 3 are made of a high-melting point 15 connecting tube 32j for supplying the vaporized sample 
metal, they are coated with a metal oxide film or a to plasma torch portion 28. Thus, it is easy to heat con- 
nitride film having a high melting point, or with film of necting tube 32i, thereby to prevent the vaporized sam- 
a two-layer structure, and tube 3 is mounted on cuvette pie gas from condensing or being adsorbed to the inner 
1 to form the electrode assembly 5. surface of tube 32 t . As a result, the target components 

The metal oxide for the coating of cuvette 1 and 20 can be introduced into the plasma torch portion of in- 

electrode 3 is, for example, tantalum oxide, tungsten ductively coupled plasma mass spectrometer 30 with 

oxide or zirconium oxide. The metal nitride for the efficiency high enough to eliminate the memory effect, 

coating of cuvette 1 and tube 3 is, for example, tantalum Also, since connecting tube 32i is made of the transpar- 

nitride, tungsten nitride, hafnium nitride, zirconium eat and acid-resistant material (for example, quartz 

nitride or titanium nitride. 25 glass), the adsorption of the sample to connecting tube 

The metal oxide, the metal nitride, and the two-layer 32j can be monitored from out As a result, it is possible 

structure must be thick enough to prevent the materials to prevent the vaporized sample from being adsorbed at 

of the electrode and the cuvette from reacting with the the connecting portion. Also, of tabe32i is shorter than 

vaporized sample and to suppress the vaporization and 10 cm, it prevents the vaporized sample from being 

mixing of the impurity in these materials with the va- 30 condensed or adsorbed at connecting tube 32i, or from 

porized sample. Therefore their thicknesses must be 1 being scattered or diluted. 

fun to 10 fim. The metal oxide film and the metal nitride As has been described, three connecting tubes 32 1 to 
film, either having a high melting point, are formed by 32s are installed parallel to another between quartz pipe 
CVD, heating oxidation, sputtering deposition, coating- 9a and the plasma torch portion 28, and three-way 
calcination, or the like. Of these methods, the coating- 35 valves 34A and 34B are connected on the connecting 
calcination is the best since it is easy with this method to portions of tubes 32j to 323. Thus, if connecting tube 
form these films. 32i is contaminated by the adsorbed sample gas, valves 
As is shown in FIG. 2, the sample-introducing appa- 34a and 344 can be operated to flow the sample gas into 
ratus is provided with gas control mechanism 12 cou- other connecting tube 322 or outer connecting tube 323 
pled to inert gas supply source 13. Inert gas, for exam- 40 Accordingly, it is unnecessary to remove, wash, con- 
pie, the argon or the helium, or a mixture of either gas nect or adjust tubes 32i to 32 3 every time the sample is 
and a small amount of the hydrogen is supplied to inert to be analyzed. The analysis of the samples can, there- 
gas supply source 13. In gas control mechanism 12, first fore, be continuously and easily performed, 
electronic valve 14 is coupled by an Siert gas supplying The connecting portion between the quarts pipe 9a 
line to inert gas supply source 13. Valve 14 is also con- 45 and the plasma torch portion 28 can be made of any 
nected to pressure adjusting device 13 for adjusting the material that neither directly nor indirectly disturbs the 
pressure of the inert gas. Pressure meter 16 is connected accuracy of measuring of the components of the sample, 
to device 15. Pressure adjusting device 15 and pressure However, it is desirable to use materials which are suffi- 
meter 16 are set at the predetermined pressure so that ciently resistant to heat and acid, in view of the fact that 
the pressure of the inert gas is properly adjusted. Pres- 50 the sample gas is very hot and contains a corrosive 
sure switch 17 is connected an the insert supplying line component, such as the hydrogen chloride gas and the 
connecting electronics valve 14 and pressure adjusting nitric acid gas. Also, it is desirable that each connecting 
mechanism, to detect whether the pressure of the inert portions be made of transparent material in order to 
gas introduced into inert gas supply source 13 is suffi- detect the adsorption of the sample gas at the connect- 
cient or not. If the pressure which switch 17 has de- 55 ing portion The material superior in transparent, heat- 
tected is below the predetermined value, a signal is fed resistance, and acid-resistance is, for example, quartz 
back to the power source controllers (not shown) incor- (not applicable when the sample gas includes hydrogen 
porated in electrode blocks 7a and 76. These controllers fluoride), sapphire, a copolymer of tetrafiuoroethylene 
prevent cuvette 1 from being heated to a high tempera- and hexafluoropropylene, or a copolymer of tetrafluor- 
ture, tg., about 3000* C, and thus being oxidized. The 60 oethylene and ethylene. Also, the length of the connect- 
lnert gas supply line provided on the front and rear side ing portion must be as short as possible, to minimize the 
of pressure adjusting device 15 is branched into three possibility that the vaporized sample is condensed, ad- 
parts, which are coupled to flow meter 18-20 for mea- sorbed to the connecting portion, scattered, or diluted, 
surmg the flows rate of the carrier gas. First flow meter Preferably, the connecting portion is shorter than 10 
18 is connected to outer passages 10a and 19b of the 65 cm. The heating means for heating connecting tube 32i 
heating furnace, second flow meter 19 is connected by is not limited to infrared heaters 33, they can be heaters 
second dectromc valve 21 to inner flowing passages using electrical resistance or the other types of heaters. 
11a and lift of the heating furnace. Third flow meter 20 The connecting portion must be heated by these heaters 
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high temperatures, in order to suppress the condensing containing water is not supplied to inductively coupled 

and adsorption of the vaporized sample at the connect- plasma mass spectrometer 30. Then, holes 2, 4 and 6 are 

ing portion. These temperatures are practically set at closed with a graphite plug, boron nitride plug 40 and a 

l °? t i > ^!?', C " w , heating-resistant metal plug 41, -afl coated with metal 

Inductively coupled plasma mass spectrometer 30 5 oxide film having a high melting point or the nitride 

comprises plasma torch portion 28 and mass spectrome- film, as is shown in FIG. 4A and FIG. 4B. Thereafter, 

ter 52 shown m HO. 1 Plasma torch portion 28 has the current supplied to cuvette 1 is increased. Cuvette 1 

inner tube 54 and thin tube 55 coaxial with tube 54 and „ heated to a relatively high temperature, thus vaporiz- 

extendmg from pipe arrangement 29. Coil 56, to which ing the target elements from sample 26. When the -target 

a lngh frequency dcctroal power k supplied, is wound 10 element are vaporized, fourth and fifth electronic 

around plasma tube 53. Plasma tube 53 has holes coaxM valves 34A and 34B are opened. The vaporized target 

with the speumssof xnner tube S4 and thus tube 55 The dements are introduced into plasma torch appararus 28 

the plasma generated by means of coil 56. The samole is ^f tCd m J^ & spectrometer 52 and the ton intensities 

changed mSSionTin^rtorch- JSSSS 2^**?" 7**! 

mass spectrometer 52 for capturing an ionized trace * 008 ° f elrancnte 818 calculated from the ion 



s. Then, after cuvette 1 and tube 3 have been 
cooled, second to fifth valves 21, 22. 34A and 34B are 



sample and measuring its mass, first vacuum section 59 

defined by first orifiet plate 57 and second orifice plate 20 " ™? ^ ^ 34A 348 *" 

58 is maintained at the vacuum by means of first vacuum closcd - Ano . ther san P le * m J**»* "to 3, and the 
pump 60, and the ions of the sample are introduced Mme o^ 10 ™** repeated, 
through first orifice 61 formed in first orifice plate 57, _ ^ bee « described, cuvette 1. tube 3, and elec- 
from the plasma torch into first vacuum section 59 t f odcs 50 md Sb > whlch contact the heated inert gas or 
Second vacuum section 62 defined by second orifice 25 vaporized sample, are coated with a metal oxide film 
plate 58 is maintained in the vacuum state by means of or a mctal nitride ^ having a high melting point, 
second vacuum pump 63. Ion lens 64 for accelerating Therefore, neither electrode 5a nor electrode Sb reacts 
the sample ions and quadrupole mass filter 65 for mass- Wlth u or Th contained in the sample dropped into tube 
separating the ions are arranged in second vacuum sec- 3 to P raduce carbide, though they are made of graphite, 
tion 62. The ions are introduced from first vacuum 30 Aho » since anmuar grooves 27 are formed in the inner 
section 59 into second vacuum section 62 through first surface of cuvette 1 or cylindrical tube 3, sample 26 is 
orifice 66 formed in second orifice plate 58, and are then prevented from moving within cuvette 1 or tube 3, or 
accelerated by ion lens 64, The mass the ions are sepa- Hewing out of cuvette 1 or tube 3. Also, heater 33i is 
rated by quadrupole mass filter 65, and changed into mounted on connecting tube 32i, and tube 32 t is heated 
electrical signals by electron multiplier 67. The details 35 durin B analysis of the sample. This reduces the pos- 
of inductively coupled plasma mass spectrometer 30 are «b3ity that the vaporized sample gas flowing through 
disclosed in Robcr S. Houk et aL Inductively Coupled tube 32i is condensed and adsorbed to tube 32 t . Accord- 
Argon Plasma as an Ion Source for Mass Spectrometry ingly, a trace UorTh contained in the sample can be 
Determination of Trace Elements, Anal. Chem., Vol 52, f a»t analyzed with high accuracy by means of conduc- 
pp 2283-2289, 1980, Alan R. Date et aL, Plasma Source 40 ^dy coupled plasma mass spectrometer 30. 
Mass Spectrometry Using an Inductively Coupled Plasma The following experiments were performed, using a 
and a High Resolution Quadrupole Mass Filter, in "Ana- sample-introducing apparatus in which bad cuvette 1, 
lyst," Vol, 106, pp 1255-1267, 1981, and U.S. Pat No. *nbe 3, and electrodes 5a and Sb coated with a metal 
4,501,965 to Donald J. Douglas. oxide film or a metal nitride film having a high melting 

The sample-introducing apparatus and the indue- 45 point As a result a trace U or Th in the sample were 
tively coupled plasma mass spectrometer, both shown analyzed with the high accuracy, 
in FIGS, l and 2 are operated as follows, so that evapo- pvrennTMTJW-r 1 1 

rated sample is introduced into the inductively coupled cmbuduvusjn ll-l 

plasma mass spectrometer and analyzed Use was made of electrodes 5a and Sb made of graph- 

Firstly, a sample is applied from a pipet through holes 50 *te, cuvette 1 made of graphite and having an outer 
6, 2 and 4 into cylindrical tube 3> with second to fourth diameter of 8 mm, an inner diameter of 6 mm, a length 
solenoid valves 21, 22, 34A, 34B closed Thereafter, of 28 mm and a sample injecting hole of 2 mm<j> center, 
power source supplies power to electrode blocks 7a and and cylindrical tube 3 made of high-purity tantalum and 
lb in accordance with the heating programming of the having an outer diameter of 5.5 mm, an inner diameter 
control portion (not shown). A voltage is applied across 55 of 4.5 mm, a length of 26 mm and the sample injecting 
cuvette 1 through electrodes 5a and 5* connected to hole of 2 mm<f> center. Electrodes 5a and Sb, cuvette 1 
electrode blocks 7a and lb. As a result, cuvette 1 and and cylindrical tube 3 had a part which contacted 
tube 3 are heated to the predetermined temperature. heated inert gas or vaporized sample and which was 
Sample 26 in tube 3 is dried and ashed. Meanwhile, coated with a tantalum nitride film having a thickness of 
second and third electronic valves 21 and 22 are 60 about 0.5 jun. The tantalum nitride film had been coated 
opened, whereby the inert gas is fed into quartz pipe 9b by depositing an organic tantalum compound on the 
and inner flowing passages 11a and lib of the furnace. part of each component and then caldnizing it in a 
The water vapor and the coexisting materials, emanat- nitrogen atmosphere, 
ing from sample 24 being dried and ashed, are removed 

out of the heating furnace through sample injecting 65 COMPARATIVE EXAMPLE 1 -1 

holes 4 and 2 and pipet inserting hole 6, along with the Except that cylindrical tube made of tantalum was 
™f t ^, S ™ E t? r T^ alV ? 34B dosed not used, and the electrodes and the cuvette were not 

whtle sample 26 is being dried and ashed the carrier gas coated with a tantalum nitride film, a sample-introduc- 
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ing apparatus was assembled to have the same configu- „ % ,„ * „ ^ „, „ . 

ration as embodiment 1-1. COMPARATIVE EXAMPLE 1 -4 



COMPARATIVE EXAMPLE 1 - 



sample-introducing apparatus was assembled 



which was identical to embodiment 1 -2 except that the 
A sample-introducing, apparatus was assembled S electrode, the cuvette and the cylindrical tube made of 
which was identical to embodiment 1 -1 except that the the tungsten are coated by the tungsten nitride film. The 
electrodes, the cuvette and the cylindrical made of the sample-introducing apparatuses of embodiment 1 -2 and 
tantalum were not coated with a tantalum nitride film. comparative example 1 -3 and 1 -4 were used, in combi- 
Then, using the sample-introducing apparatuses of nation with inductively coupled plasma mass spectrom- 
mbodiment 1 -1 and comparative examples 1 -1 and 1 10 eter. to measure the ion intensity under the same condt- 
-2 were used in combination with an inductively cou- tion « in embodiment 1 -1 except that sample (10 nl) of 
pled plasma mass spectrometer to measure the ion inten- the thorium standard solution 100 pg/ml, and sample 
sity of sample (10 ul) having the uranium standard sola- (M having the same standard solution 0 pg/ml were 
tion 100 pg/ml and 0 pg/ml under the following condi- asned at 600' C for 30 sec. As a result, this embodiment 
tion. The carrier gas used in the sample-introducing 15 1 ~ 2 determined that the intensity of the sample ion 
apparatuses: argon supplied at 4.0 1/min. having the thorium standard solution 100 pg/ml was 
The sample was dried at 150* C for 30 sec. The sam- 24°> &&d the intensity of the sample ion having the same 
pie was ashed at 1000' C for 30 sec. It was vaporized in standard solution 0 pg/ml was 7. Comparative example 
the sample-introducing apparatuses at 2800* C, for 7 * ~ 3 determined that the intensity of the sample ion 
sec. The frequency of the high frequency source in the 20 having the thorium standard solution 100 pg/ml was 4, 
plasma torch was 27,12 MHz. The high frequency out- and ^ intensity of tie sample ion having the thorium 
put power of the high frequency power source in the 8tandard solution 0 pg/ml was 2. Since the cuvette was 
plasma touch was introduced 1.3 KW. The cooling gas madc of the graphite, the thorium was made into car- 
was into the plasma torch at IS 1/min. The plasma gas bide cwM not ^ dctected ' Comparative 1 -4 deter- 
was supplied into the plasma touch at 0.8 1/min. 25 fnined intensity of the sample ion having the 
As a result, this mbodhnent 1 -1 determined that the * honum abmdard « olution 100 PS^ wa * 280 > and the 
mteusity of thesampleionmuraniumstandard solution « " ""ft I^S^T^^ 



in omnium standard solution 0 pg/M was 5. Compara- w tungsten was not coated with a tungsten nitride Elm, the 
live example 1 -1 determined Zt the intensity tf the 30 T mten f * ° f l . the ^TT was .™ r « i though 



was 6, and the intensity of the sample ion having uta- th« vapcriz^ t! 

nium standard solution 0 pg/ml was 2. Since cuvette 1 J^'"^ ^i.^ *f 
was made of graphite, uranium was made into carbide « a PP^^ °* embodmient f^ttl l he Meeting 
at>de^^tbe™td«te^ •jW^T 35 sensitivity of the U or the Th, about 100 times, compar- 

^^11^17 I " 2 deter " with the general inductively coupled plasma mass 

3E? ?m T, Ple 1M >^ Vlng ,T spectrometry; and about 10 times, comparing with the 
mum standard solution 100 pg/ml was 28a and the inductively coupled plasma mass spectrometry used 
intensity of the sample ion having uranium standard jomtly ^ rcraventio^vano^na : method 
solute 0 pg/ml was 42. Since the cylindrical tube web m ^^^t^^^S^S^^ of ^ 
not coated with a tantalum nitride film, the ion intensity botinxntl ^^i^SS^^^ Saima 
InZZnJTT'i Sampk ? £ C spectrometer, and can attain the enhancement 

vanSd^SSl mam& of 4116 detectm 8 intensity by about 10 times, comparing 

p a uranium. wim the inductively coupled plasma emission spectrom- 

EMBODIMENT 1 -2 45 etry used jointly with' the conventional vaporizing 



Use wasmade of electrodes Sa and 56 made of graph- In embodiments 1 described above, those surfaces of 
ite, cuvette 1 made of graphite and having an outer the cuvette and the electrodes which contacted the 
ST^J ftTt m ^ ^!% T °" ^ * lcns * heated insert gas or the vaporized sample gas, were 
of 28 mm, and one sample mjectmg hole of 2 mm* 50 coated with a metal oxide film or a metal nitride film, 
center; and cylindrical tube 3 made of tungsten of the either having a bighmelting point. Even when the basic 
high punty and having an outer diameter of 5.5 mm, an material of the cuvette etc. was graphite, the U or the 
inner duuneter of 4.5 mm a length of 26 mm, and one Th in the sample to be analyzed did not react with the 
sample mjecbng hole of 2 mm* center. Electrodes Sa graphite to produce carbide. As a result, the ionization 
and 56, cuvette 1 and cylmdncal tube 3 had a part 55 efficient can be greatly enhanced, while the problem of 
which contacted heated inert gas or vaporized sample the memory effect is resolved, 
and which was coated with a tungsten nitride film hav- On the other hand, if the heat-resisting metal is used 
mg a thickness of about 0.5 fun. The tungsten nitride as the baric material of the cuvette etc., it can prevent U 
film had been coated in a nitrogen atmosphere by coat- or Th contained as the impurity in the heat-resisting 
mg an organic tungsten compound on said part of each 60 metal from evaporating owing to the metal oxide film or 
component and thereafter calrinizing it the metal nitride film having a high melting point Fur- 

COMPARATIVE EXAMPLE 1 -3 thisrmore, because the start of vaporization of U or Th 

, . . . m the heat-resisting metal occurs after the vaporization 

sample-introducing apparatus was assembled of U or Th in the sample, owing to the metal oxide film 
sh was identical to embodiment 1-2 except thatthe 6s or the metal nitride film, the ion spectrum by U or Th in 
cylmdncal tube made of the tungsten was not used, and the sample and the ion spectrum by U or Th in the 
the electrodes and the cuvette were not coated by the heat-resisting metal (the basic material) can be separated 
" ""trifle film. by the time. According to the present invention, the 
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inductively coupled plasma mass spectrometer allows also the electrode and the cuvette were not coated with 
trace U or Th in the sample to be analyzed at high a tantalum carbide Sim or a tantalum nitride film, 
sensitivity and with high accuracy. Also, the present _ 

invention applies to the structure wherein the cuvette is COMPARATIVE EXAMPLE 2 -2 

made of graphite and the heat-resistant tube coated with 5 A sample-introducing apparatus was assembled 
a metal oxide film or a metal nitride film having a high winch is identical to embodiment 2 -1, except that the 
melting point is fitted in the cuvette. Hence, the indue- electrode, the cuvette and the cylindrical tube made of 
lively coupled plasma mass spectrometer can readily the tantalum were not coated with a tantalum carbide 
analyze a trace U or Thin the sample at high sensitivity film or a tantalum nitride film, 
and with high accuracy, while the immature of the 10 Then, using the sample-introducing apparatuses of 
vaporization space in the sample introducing apparatus embodiments 2 -I and comparative examples 2 -1 and 2 
may be accomplished. -2 along with the inductively coupled plasma mass 

For example, if the cuvette is made of the heat-resist- spectrometer, the ion intensity in connection with sam- 
nig metal, the vaporization space of the sample-intro- pie (10 ul) of the uranium standard solution 100 pg/ml 
ducing apparatus must be large in light of the necessity 15 and sample (10 ul) of the same standard Bohition 0 
of the adiabatic, since the heat-resisting metal has the pg/ml was measured under the same condition aB em- 
good thermal conductivity. If the cuvette is made of bodiment 1 -1. This embodiment 2 -1 determined that 
graphite superior in the adiabatic, the vaporization the ion intensity of the sample having the uranium stan- 
space can be reduced. In this case, since the cuvette as dard solution 100 pg/ml was 250, and the ion intensity 
well as the electrode are made of graphite, the space 20 of the sample having the same in the same standard 
may still more be miniaturized. solution 0 pg/ml was 2. Comparative example 2 -1 

EMBODIMENT 2 determined that the ion intensity of the sample having 

the uranium standard solution 100 pg/ml was 6, and the 
The sample introducing apparatus of embodiment 2 is ion intensity of the sample having the uranium standard 
characterized in that the surface of cuvette 1, the sur- 25 solution 0 pg/ml was 2. Since cuvette 1 was made of 
face of tube 3, and the surfaces of electrodes 5a and 5*, : graphite the uranium was made into carbide and could 
which contact the heated inert gas or the vaporized i not be detected. Comparative Example 2 -2 determined 
sample gas, are coated with a two-layer film which ; that the ion intensity of the sample having the uranium 
consists of a metal carbide film of a high melting point standard solution 100 pg/ml was 280, and the ion inten- 
and & metal oxide film or metal nitride film of a high 30 sity of the sample having the uranium standard solution 
melting point, formed one upon the other. 0 pg/ml was 42. Since the tantalum nitride film or the 

If for example, graphite is used as the basic material of tantalum carbide film was not coated, the ion intensity 
cuvette 1 and electrodes 5a and Sb, during the vaporiza- of the uranium was measured even though the sample is 
torn of the sample U or the Th in the sample 26 dropped the standard solution 0 pg/ml, due to the mixing of the 
in tube 3 can be prevented from reacting with the 35 vaporized uranium in the cylindrical tube made of tanta- 
graphite to produce carbide. him. 

The following experiments were conducted, using a 
inductively coupled plasma mass spectrometer, along EMBODIMENT 2 -2 

with the sample-introducing apparatus of embodiment 2 Use was made of electrodes 5a and 56 made of graph- 
of the present mvention. It was found that this appara- 40 ite, cuvette I made of graphite and having an outer 
tus detected trace U or Th m samples with high accu- diameter of 8 mm, an inner diameter of 6 mm, a length 
My ' of 28 mm and one sample injecting hole of 2 mm<J> cen- 

EMBODIMENT 2 -1 ter, and cylindrical tube 3 made of high purity tungsten 

TT j — a j ,. Jmt , and having an outer diameter of 5.5 mm, an inner diame- 

Use was made of electrodes 5a and 5b made of graph- 45 ter of 4.5 mm, a length of 26 mm and one sample inject- 
ite, cuvette 1 made of graphite and having an outer ing hole of 2 mm<f> center. Electrodes Sa and 5b, cuvette 
dnuneter of 8 mm, an inner diameter of 6 mm, a length 1 and cylindrical tube 3 had a part which contacted the 
of 28 mm and one sample injecting hole of 2 mm* cen- heated inert gas or vaporized sample and was coated 
ter and cylindrical tube 3 made of high purity tantalum with a tungsten nitride film having a thickness of about 
and having an outer diameter of 5.5 mm, an inner diame- 50 0.3 urn and also a tungsten nitride film having a thick- 
ter4J mm, a length of 28 mm and one sample injecting ness of 0.2 urn. 
hole of 2 muup center. Also, electrodes 5b and 5b, cu- 
vette 1 and cylindrical tube 3 had a part which con- COMPARATIVE EXAMPLE 2 -3 
to ^^ d ™?i^^^^ ds ^ pIerad wa8 A sample-mtroducing apparatus was assembled 
coated with a tantalum carbide film having a thickness 55 which was similar to embodiment 2 -2, except that a 
of about 0.3 urn. The tantalum carbide film had been cylindrical tube made of tungsten was not used, and also 
formed by depositing an organic tantalum compound the electrodes and the cuvette were not coated with a 
on each of the components and then cakinizing it under tungsten carbide film or a tungsten nitride film, 
m an argon gas atmosphere. A tantalum nitride film 

having a thickness of about 0.2 urn formed on the tanta- 60 COMPARATIVE EXAMPLE 2 -4 

^ by deposi ^.an organic tantalum A sample-introducmg apparatus was assembled 
compound and thereafter caicinizmg it in a nitrogen which was identical to embodiment 2 -2. except that the 
atmosphere. and the cylindrical tube made of tungsten is not 

COMPARATIVE EXAMPLE 2 -1 coated by the tungsten carbide film or the tungsten 

** 65 nitride film, 

i^^T^u^ , WM assembled Then, using the sample-introducing apparatuses of 
^i^ 8 " d ^; o ^odiment2-l,exceptthatthe embodiment 2 -2 ^comparative example 2 -3 and 2 
cylindrical tube made of the tantalum was not used and -4, along with an inductively coupled plasma mass 
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spectrometer, the ion intensity was measured voider the coated on the cuvette made of the heat-resisting metal, 

same condition as by said embodiment 1 -1, except that the heat-resistance can be enhanced greatly, comparing 

the carbide condition with respect to the sample 10 pi of with the case where the oxide film is directly coated on 

the thorium standard solution 100 pg/ml and the sample the cuvette. 

10 fil of the same standard solution Opg/ml is set at 600* 5 Further, since the cuvette is made of the graphite, and 

C for 30 sec. This embodiment 2 -2 determined that the the high melting metal tube coated with a two-layer 

ion intensity of the sample having the thorium standard film consisting of metal carbide film and a metal oxide 

solution 100 pg/ml was 240, and the ion intensity of the film, either having a the high melting point, is inserted 

sample having the same standard solution 0 pg/ml was into the cuvette, the inductively coupled plasma mass 

2. Comparative example 2 -3 determined that the ion 10 spectrometer can rapidly analyze a trace U or Thin the 

intensity of the sample having in the thorium standard sample with high sensitivity and high accuracy, while 

solution 100 pg/ml was 4, and the ion intensity of the the vaporization space in the sample-introducing appa- 

sample having the same standard solution 0 pg/ml is 2. ratus can be reduced. 

Since the cuvette was made of graphite, the thorium The following experiments were conducted, using a 

was made into carbide and could not be detected. Also, is inductively coupled plasma mass spectrometer, along 

comparative embodiment 2 -4 determined that the ion wherein a sample-introducing apparatus at least one 

intensity of the sample having the thorium standard groove is formed in the inner surface of cuvette 1 or in 

solution 100 pg/1 was 280, and the ion intensity of the the inner surface of tube 3, and communicating with the 

sample having the same standard solution 0 pg/ml was sample injecting hole. Then, it was found that the mass 

52. Since the cylindrical tube was made of tungsten and 20 spectrometer measured with good accuracy. 

not coated with a tungsten carbide film or a tungsten 

nitride film, the intensity of the thorium ion was mea- EMBODIMENT 3 -1 

sured even though the sample was the standard solution Use was made of electrodes 5a and 56 made of graph- 

0 pg/ml, due to the mixing of the thorium vaporized in ite, cuvette 1 made of graphite and having an outer 

this tube. 25 diameter of 8 mm, an inner diameter of 6 mm, a length 

As is evident from the above, the sample-introducing of 28 mm and one sample injecting hole of 2 mmiji cen- 
imrmratus of this embodiment 2 can cruWce the detect- ter, and cylindrical tube 3 made of high purity tungsten 
ing sensitivity of U or Th about 200 times, comparing and having an outer diameter' of 5.5 mm, an inner diame- 
with the general inductively coupled plasma mass spec- ter of 4.5 mm, a length of 26 mm and the sample inject- 
trometry; and about 20 times, comparing with the in- 30 ing hole of 2 mm<j> center. Also, electrodes 5a and 5b, 
ductivcly coupled plasma mass spectrometry used cuvette 1 and cylindrical tube 3 had a part, which con- 
jointly with a conventional vaporizing method. Also, tacted with heated inert gas and vaporized sample and, 
this embodiment 2 can be used in combination with were coated with a tungsten nitride film having a thick- 
inductively coupled plasma emission spectrometer, and ness of about 20 /an. The tungsten nitride film had been 
can attain the enhancement of the detecting intensity by 35 formed by depositing an organic tungsten compound on 
about 20 times comparing with the inductively coupled each of the components and then calcinizing it in a 
plasma emission spectrometry used jointly with the nitrogen gas atmosphere. One V-groove 27 having a 
conventional vaporizing method. width and depth of about 10 fim was formed in that part 

As has been described above, the cuvette and the of the inner surface of tube 3 which is close to sample 
electrode, which contact the heated gas or the vapor- 40 injecting hole 4 made in cylindrical tube 3. This fine 
ized sample gas, are coated with a metal carbide and a groove 27 had been formed by mechanically scratching 
metal oxide film or a metal nitride film haying a high the tungrten nitride film on tube 3 by means of a jig 
melting point Therefore, even if the graphite is used as made of high purity tungsten and having a sharp front 
the basic material of the cuvette etc., TJ or Th in the end. Thereafter, tube 3 was heated at the high tempera- 
sample to be analyzed does not react with the graphite 45 tore of 2900' C in an argon gas flow. 

to produce carbide. As a result, the ionization efficiency _ 

can be greatly enhanced, while the problem of the mem- COMPARATIVE EXAMPLE 3 -1 

ory effect is resolved. Also, since the cuvette and the A sample-introducing apparatus was assembled 

electrode, which contact with heated inert gas or the which was similar to embodiment 3 -1, except that the 

vaporized sample gas, are coated with a metal oxide 50 fine grooves were not formed in the inner surface of the 

film or a metal nitride film having a high melting point, cylindrical tube made of the tungsten and coated with 

the close adhesion can be enhanced greatly, compared the tungsten nitride film. 

with the case where the oxide film or the like is directly 

coated on the cuvette. On the other hand, if a heat- COMPARATIVE EXAMPLE 3 -2 

resisting metal is used as the basic material of the cu- 55 A sample-introducing apparatus was assembled 

vette, a metal carbide film having a high melting point which was identical to embodiment 3-1, except that the 

and a high gas impermeability prevents U or Th con- electrode, the cuvette and the cylindrical tube made of 

tained as an impurity in the heat-resisting metal from the tungsten were not coated by the tungsten nitride 

vaporizing. Furthermore, since the vaporization of U or film and also the fine grooves were not formed on the 

Th starts after the vaporization of U or Th contained in 60 inner surface of the tube. 

the sample, due to the metal oxide film or the metal Then, using the sample introducing apparatuses of 

nitride film having a high melting point, the Ion spec- this embodiment 3 -1 and comparative example 3 -1 and 

tram by U or Th contained in the sample and the ion 3-2, along with an inductively coupled plasma ™« 

spectrum by U or Th contained in the heat-resistmg spectrometer, the ion intensity was measured ten times 

metal used as the basic material can be separated by the 65 under the following condition, with respect to the sam- 

time. Also, since the metal oxide film or the metal ni- pie (10 p.1) of the uranium standard solution 100 pg/ml 

tride film, either having a high melting point and the and the sample (10 fd) of the same standard solution 0 

metal carbide film having a high melting point are pg/ml. The carrier gas, i.e., argon gas, was supplied into 
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the sample-introducing apparatus at 4.0 1/min. The tion to the sample (10 ul) of the europium standard 

sample was dried in the sample introducing apparatus at solution 100 pg/ml and the sample (10 u.1) of the same 

150 C for 30 sec. The sample was then ashed in the standard solution 0 pg/ml was set at 1100* C for 30 sec. 

sample introducing apparatus at 1000' C for 30 sec. It Embodiment 3 -2 determined that the average ion in- 

was vaporized in the sample introducing apparatus at 5 tensity of the sample having the europium standard 

280O C for 7 sec. The frequency of the high frequency solution 100 pg/ml was 470 (the accuracy: ±6%), and 

power source in the plasma torch was 27.12 MHz. The the average ion intensity of the sample having europium 

high frequency output power of the high frequency standard solution 0 pg/ml was 3 (the accuracy: ±5%). 

power source was 1.3 KW. The cooling gas was sup- Comparative example 3 -3 determined that the average 

phed into the plasma torch at 15 1/min. The plasma gas 10 ion intensity of the sample having the europium stan- 

was supplied into the plasma torch at 0.8 1/min. dard solution 100 pg/ml was 380 (the accuracy- 

As a result, this embodiment 3 -1 determined that the ± 14%), and the average ion intensity of the sample 

average ion intensity of the sample having the uranium having the europium standard solution 0 pg/ml was 3 

standard solution 100 pg/ml was 520, (the accuracy: (the accuracy: ±5%). Since grooves were not formed 

±7%), the average ion intensity of the sample having 15 on the inner surface of the cylindrical tube, and the 

the uramum standard solution 0 pg/ml was 8 (the accu- sample was inevitably moved form the redetermined 

racy: ±6%). Comparative example 3 -1 determined position on the inner surface of the tube (directly below 

that the average ion intensity of the sample having the the sample injecting hole), thus changing the tempera- 

racy: ±15%), and the average ion intensity of the sam- 20 of the europium was reduced, and the accuracy was 
pic having the uramum standard solution 0 pg/ml was 8 degraded. 

(the accuracy: ±6%). Since grooves were not formed As can be evident from the above, the sample-intro- 
in the inner surface of the cylindrical tube, and the during apparatus of embodiment 3 greatly enhanced the 
sample was moved from the predetenrdned position analyzing accuracy and sensitivity in measuring the 
(directly below the sample injecting hole) on the inner 25 uramum and the europium, comparing with the induc- 
surface of the tube, inevitably changing the temperature tively coupled plasma mass spectrometer used jointly 
condition during the vaporization, the ion intensity of with the conventional vaporization method. The sam- 
thc uramum was reduced, degrading the accuracy. ple-iirtTOdimmgaprOTatusofembodimerts3canbeused 
comparative example 3 -2 determined that the average in combination with an inductively coupled plasma 
ion mtensityofthc sample having the uranium solution 30 emission spectrometer, and can greatly enhance the 
100 pg/ml was 310 (the accuracy: ±8%). and the aver- analyzing accuracy and sensitivity, comparing with the 
age ion intensity of the sample having the same standard inductively coupled plasma emission spectrometry used 

Pg/ , W8S 4 l (thfi n*™***'. ±7%). Even jointly with the conventional vaporization method, 
though the sample waa the standard solution 0 pg/ml, ' 
the ion intensity of the uranium could be measured due 35 EMBODIMENT 4 

to the nuring of the vaporized uranium in the cylindri- Use was made of electrodes 5a and 5b made of graph- 
ed tob* made of the tungsten, on which the tungsten ite, and cuvette 1 made of graphite and having an outer 
nitride turn is not coated. diameter of 8 mm, an inner diameter of 6 mm,alength 

EMBODIMENT 3-2 rf28 mm and 006 sample injecting hole of 2 mm<f> cen- 

40 ter. Also, no cylindrical tubes were inserted into the 
Use waa madeof electrodes Sa and 56 made of cuvette, one V-groove 27 having a width and depth of 

graphite, cuvette 1 made of graphite and having an about 10 urn was formed in the inner surface in which 
outer diameter of 8 mm, an inner diameter of 6 mm, a sample injecting hole 2 had been made. This groove 27 
length of 28 mm and one sample injecting hole of 2 waa formed by mechamcally»scratching the inner sur- 
mnwjj center, wd cylindrical tube 3 made of high purity 45 face of the cuvette by means of a jig made of high purity 
tantalum and having an outer diameter of 5.5 mm, an tantalum and having a sharp front end. Thereafter, the 
ZlS f^^^ 0 " 6 nrmandone cuvette was heated at high temperature of 2900" C in an 
sample injecting hole of 2 mm* center. Three V- argon gas flow, 
grooves 27 having a depth and width of about 10 urn 

were formed in the inner surface of that portion of tube 50 COMPARATIVE EXAMPLE 4 

3, which had a length of 500 um and in while sample A sample-introducing apparatus was assembled 
mjecting hole 4 was formed. Grooves 27 had been which was identical to embodiment 4, except that no 
^S^^^^f^^^ 9 ^ 1 " ^"werefomedontheinnersurfeceofthecuvette 
the tube by means of a jig made of the high purity tanta- made of the graphite. Then, using the sample-introduc- 
lum and having a sharp front end. Thereafter, tube 3 55 ing apparatuses of this errAodimL 4 ar/comparSe 
was heated at high temperature of 2900" C in an argon example 4, along with an inductively coupkd ^a 
*^ mass spectrometer, the ash condition with respect to the 

COMPARATIVE EXAMPLE 3-3 theion intensity was measured ten times under the same 

A <,„Trmi^i„H.„ri„™ „ condition as in embodiment 3 -1, except that the ash 

which ^ iSTT* T Msen,b ? d 60 with respect to the sample 10 ul of the copper 

ir^ff e ^"°ent 3 -2, except that standard solution 100 pg/ml and the sample 10 ul of the 
^^Jl^lf^V^r* SUrfaCe ° f coPP^standard solution 0 pg/ml is set « 800' C for 30 

^K^™7^1f e . t8ntalum - , sec. Embodiment 4 determined that the average ion 

Using the sampie-mtroducuig apparatuses of embodi- intensity of the sample having the copper standard solu- 
SjL2f ^ dMm P^f tlveexam P I ^-3,alongwithan 65 tion 100 pg/ml was 420 (the accuracy: ±7%), and the 
mductively coupled jplasma mass spectrometer, the ion average ion intensity of the sample having die copper 
mtensity was measured ten times under the same condi- standard solution 0 pg/ml was 6 (the accufacy! SK? 
tion as in embodiment 3 -i, except that the ash condi- Comparative example 4 determined a^ragelon 
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intensity of the sample iiaving the copper standard solu- 
tion 100 pg/ml was 370 (the accuracy: ±11%), and the COMPARATIVE EXAMPLE 5 -2 
average ion intensity of the sample having the copper A sample-introducing apparatus was assembled 
standard solution 0 g/ml was 6 (the accuracy: ±6%). which was similar to that of embodiment 5 -I, except 
Since no grooves were formed in the inner surface of 5 that the connecting tube made of quartz glass was is not 
the cuvette, and the sample 26 moved from the prede- heated up tD about 200* C by means of the infrared 
termincd position (directly below the sample injecting neater md 2130 the length of the tube was 20 cm. 
hole) on the inner surface of the cuvette, inevitably COMPARATIVE EXAMPLE 5 -3 
changing the temperature condition during the vapori- ' 
zation, the copper ion intensity was reduced, and the 10 ^ ,am P I =-«Jtroducing apparatus was assembled 
accuracy was degraded. which was similar to that of embodiment 5 -I, except 
According to this embodiment 4, the analyzing accu- P*\ the c ° nnectin e tube made of quartz glass was not 
racy and sensitivity can be greatly enhanced in measur- ,£* f t^J?** ? a ? ta T d , at * e room temperature 



(about 25* Q, and also the length of each of the tube 
was 20 cm. 

zatbn method. Also, the sample-introducing apparatus J^SlSL?? s ^^^g apparatuses of 



ing the copper, comparing with the inductively coupled 15 
plasma mass spectrometry used jointly with the vapori- 
zation method. Also, the sample-introducing apparatus tMs embodiment 5 -1 and comparative example J i -1, 5 
of this embodunen 4 can be used in the inductively _ 2 , and 5 -3, along with an inductively coupSplasma 
coupled phsma emission spectrometer and can greatly mass spectrometer, the ion intensity with r«pect to the 
enhance the analyzing accuracy and sensitivity, com- 20 sample (10 ftl) of the uranium standard solution 100 
pared with the inductively coupled plasma emission pg/ml and the sample (10 ul) of the uranium standard 
spectrometry used jointly with a conventional vapori- solution 0 pg/ml was measured under the following 
zation method, conditions. , 

As described above, groove 27 was formed near in- The carrier gas, i.e., argon, was supplied into the 
jecting hole 4 of cylindrical tube 3 made of a metal 25 sample introducing apparatus at 4.0 1/min. The sample 
having a high melting point Thus, sample 26 is pre- was dried in the sample introducing apparatus at 150° C 
vented from moving from groove 27. As a result, it is for 30 8ec - The sample was ashed in the sample intro- 
possiblc to always vaporize samples 26 under the same during apparatus at 1000* C for 30 sec. It was vaporized 
temperature condition. This enables the inductively ™ the sample-mtroducing apparatus at 2800* C for 7 sec. 
coupled plasma mass spectrometer to analyze a trace 30 Tne frequency of the high frequency power source in 
elements in the sample with high accuracy or high sen- ^ P 1 * 811 " 1 torch Was 271 2 MHZ. The high frequency 
sitivity. ' output power of the high frequency power source in the 

The following experiments were conducted, using a i tou ? ° ™ Thc cw,in 8 S 83 was SU P" 

inductively coupled plasma mass spectrometer pro- „ phed mt ° . pl *T "T* * 15 ^ The P 1 "*™^ 
vided with the connecting tube. It was founftha™ 33 "^SS^SSi'lS^^X^' ■ . 
^-tsin the sample wa, analyzed with good &:££^^»£EEZ. 
T ' 100 pg/ml was 490, and the ion intensity of the sample 

EMBODIMENT 5 -1 having the uranium standard solution 0 pg/ml was 8. 

<*«--. 40 ssst&^szsxssi: 

ite, cuvette 1 made of graphite and having an outer tion 100 pg/ml was 74, and the ion intensity of the 
diameter of 8 mm, an inner diameter of 6 mm, a length sample having the uranium standard solution 0 pg/ml 
of 28 mm, and one sample injecting hole of 2 mmd> was 7. Since the connecting tube was not heatedT the 
center, and cylindrical tube 3 made of high purity tanta- 45 vaporized uranium gas was adsorbed to the connecting 
lum and having an outer diameter of 5.5 mm, an inner tube and, the ion intensity of the uranium was reduced, 
diameter of 4.5 mm, a length of 26 mm and one sample Comparative example 5 -2 determined that the ion in- 
injecting hole of 2 mm<p center. Electrodes Sa and 56, tensity of the sample having the uranium standard solu- 
cuvette 1 and cylindrical tube 3 had a part, which con- tios 100 Pg/ml was 220, and the ion intensity of the 
tacted heated inert gas and vaporized sample, and was 50 Sani P le having the uranium standard solution 0 pg/ml 
coated with a tantalum nitride Sim having the thickness ™ *• Since the length of the connecting tube is relative 
of 0.5 urn. The tantalum nitride film was coated by longer 20 cm, the vaporized uranjum gas was diluted or 
depositing an organic tantalum compound on each com- &e 888 flowin 8 was dispersed, or the gas was adsorbed 
ponent and thereafter calcinizing it in a nitrogen atmo- ? &e coanectin S tube, and the uranium ion was re- 
sphere. Also, connecting tube 32i made of the quartz 55 . . ' Comparative example 5 -3 determined that the 
glass (the length of 5 cm) and connecting quartz pine 9a I0 ? mtensi ty of °« having the uranium standard 
of the heating furnace and the plasma torch 28 (not ,6tet «» 10 ? P^™ 1 was 34, and the ion intensity of the 
shown) was heated to about 200° C by means of infrared """T ^ vms ' the wanium standard solution 0 pg/ml 
neater 33i w was 5. Since the connecting tube was not heated, and 
60 the length of the tube was relatively longer 20 cm, the 
COMPARATIVE EXAMPLE 5 -1 vaporized uranium gas was adsorbed to the connecting 
A sample-introducing apparatus was assembled ^ ° r w ^ dauted, or was dispersed. The ion mtensity 
which was'identical to that ofSimen? 5 " * rcduced - 
that the connecting tube made of quartz glass was not 65 EMBODIMENT 5 -2 



fi^TrrtZZT TZL V J 00 ,"! ""^tun: Use was made of electrodes Sa and Sb made of graph- 
(about 25 Q, and the length of each of the tube was 5 ite, cuvette 1 made of graphite and having an outer 

diameter of 8 mm, an inner diameter of 6 mm, a length 
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OI « mm ana one sample injection noie of 2 mm$ cen- ponzed thorium gas was adsorbed to the connecting 
ter and cylindrical tube 3 made of high purity tungsten tube or diluted, or dispersed. Therefore, the ion inten- 
and having an outer diameter of 5.5 mm, an inner diame- sity of the thorium was greatly reduced, 
ter of 4.5 mm, a length of 26 mm and one sample inject- As can be understood from the above, the sample- 
lag hole of 2 mm* center. Electrodes Sa and 5b, cuvette 5 introducing apparatus of embodiment 5 can enhance the 
1 and cylindrical tube 3 had a part, which contracted ion intensity of the uranium or the thorium, about 500 
heated inert gas and vaporized sample gas, and was times comparing with the conventional inductively 
coated with a tungsten nitnde film having a thickness of coupled plasma mass spectrometry, and about 10 times 
about 0.5 um. The tungsten nitride film was formed by comparing with the inductively coupled plasma mass 
coating an orgaiuc tungsten compound on each compo- io spectrometry used jointly with a conventional vapori- 
nent and thereafter colonizing in a nitrogen atmo- zation method. Also, the sample ntf reducing apparatus 
sphere. On the other hand, connecting tube 32i (the of embodiment 5 can be used in the inductively cowled 
havmg a length of 5 cm) made of quartz glass connect- plasma emission spectrometer and cTS ffS 
^jSf t qm ^^ Pe ^ ° f ^ hc f dng J fiilm£e Wment of the detecting sensitivity up to about 10 
bv^o?^tT ) r , ^ tedatabO,,t200 " C " tielductivety coupled plasma 
oy means ot mnrared heater 33j. emission spectrometry used jointly with a conventional 
COMPARATIVE EXAMPLE 5 -4 vaporization method. 



EMBODIMENT 6 

wbichwas similar to embodhnent 5 -2, except that the 20 Use was made of electrodes 5a and 56 madeof graph- 
connecting tube made of quartz glass was not heated he, cuvette 1 made of graphite and having an outer 
and was mamUmed at the room temperature (about 25« diameter of 8 mm, an inner diameter of 6 mm, a length 
C), and also the length of each of the tube was 5 cm. of 28 mm and sample injecting hole of 2 vmfmr. 
COMPARATIVE EXAMPLE 5 -5 „, ^° c yjkdrical *•» were used, and no coating was 

i „ . . . . . 25 formed on electrodes Sa or 56, or cuvette L Also con- 

A sample-mtroducmg apparatus was assembled necting tube32j (length: 5 cm) made of the quartz elass 
which ^asidentic^toembodimentS-iexceptthatthe was heated at about 200' C by Zns of KShS 
connecting tube made of quartz glass was heated at 200* 33,. 
C by means of an infrared heater, and also the length of 

each of tube was 20 cm. 30 COMPARATIVE EXAMPLE 6 -1 

COMPARATIVE EXAMPLE 5 -6 A sample-introducing apparatus was assembled 

a . - i • • wmch wa3 identical to embodiment 6, except that the 

whthlSSK IB ^ 8 . apparatus was c ^sembled connecting tubes made of quartz glass was not heated 
which was simHar to that of embodiment 5 -2, except and was maintained at the room temperature (25' C), 
W^^S? 0f ^f glass was not 35 and the length of each of tube was 5 cm. 

heated, and also the length of each of the tube was 20 

cm. Then, using the sample-introducing apparatuses of COMPARATIVE EXAMPLE 6 -2 

this embodiment 5 -2 and comparative example 5 -4, 5 A sample-introducing apparatus was assembled 

-5 and 5 -6, along with an inductively coupled plasma which was identical to that of embodiment 6 exceot 

mass spectrometer, the ion intensity was measured 40 that the connecting tube made of quartz glass was 

S5£*JT*w ^»n«nbodinwit5 -1. except heatedat200' Candalsothelengthoftheeachoftubes 

that the ash condition with respect to sample (10 jd) of was 20 cm. 

the thorium standard solution 100 pg/ml and sample (10 

fU) of the thorium standard solution 0 pg/ml is set at COMPARATIVE EXAMPLE 6 -3 

^l^i°^ Em ^ OTt - S "l de ^ edtlatthc45 A «»mple-introducing apparatus was assembled 
*1 8amP i^ standard which was similar to that of Embodiment 6, except that 
^VS^r 8 ^ 60 ' and J the ' 0 ' l "ty tb^comiectmgtubemadeofquarteglasswastwtheS 
SEE? th ° nUm , St f d 5f ^tion 0pg/mJ and was maintamed at the room temperature (abouU? 
Sf.iSS5!^ "T? - ~* ^ et t nm > ed ** *"» Q, and also the length of the each of tubes was 20 cm. 
Sh?^™ ? e 1 samp « baV ? Ig L th ? standard 50 Then, using the sample introducing apparatuses of 

solution 100 pg/ml was 65, and the ion intensity of the this embodiment 6 and comparative example?-? 6 -2 
wSo ^ Stan , dald aolution 0 pg/ml and 6 -3. along with an inductiv^ Sen plasma 

rLSJ^I^!^^^^^^ spectrometer, the ion toityS connection^ 



mntw^^ 6 ^ 16 - 5 - 5 , det « d dard solution 0 pg/ml wai rneSured ^SS^ondi. 

SLSSX f"\ ""ftj tevmfrte thorium standard tion similar to that of embodiment 5-1. Embodiment 

s^Se hSaSS r ?10 ' ^JrJZ?** ° f thC detera *«d the ion intensity of the sampling 

^^^£^T d ^ i ' a T a0 J e,M *e aluminum standard solution ioo pg/ml was 380, and 

retetively longer ^20 cm, the vaporized thorium gas was standard solution 0 pg/ml wak 2. Comparative example 

diluted or adsorbed to the connecting tube, inevitably 6 -1 determined thai the ion taStvtfti^aH 



„._„i" * £ _■ ,. — , . — . — '»'ui 8 uic oiuuiuiuui sianaara solution tuv pg/ml was 

Sni^f, tC IV™, ^ ten ^ 0f &e **' *° ion intensit y of *e sample having theduminum 

was 3 1, and the ion intensity of the sample having the was not heated, the vaporized aluminum gas was ad 

J™fT d ^ SOlUti ° n , 0 - Pe/ml Wa8 9 ' Since *• ^bed to the connec4 SanST^bn^teSy If 

length of the tube was a relauve longer 20 cm, the va- the aluminum was reduced. Comparative ex^le 6 -2 
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determined that the ion intensity of the sample having mass spectrometer to analyze a trace U or Th in a sam- 

the aluminum standard solution 100 pg/ml was 190, and pie with the high sensitivity or the high accuracy, 

the ion intensity of the sample having the aluminum What is claimed is: 

standard solution 0 ppg/ml was 2. Since the length of 1. An apparatus for vaporizing a sample and fotroduc 

the tube was a relatively long 20 cm, the vaporized 5 fog the vaporized sample into an inductively coupled 

aluminum gas was diluted or dispersed, or the gas was plasma source mass spectrometer, comprising: 

Bdso^to^cor^tme^mdth^M^tyol mc8n8 for SU p pl yfo g ^ fo^ wh f ch transfers the 

the aluminum is reduced. Comparative example 6 -3 vaporized sampl r 

determined that the ion intensity of the sample having a heater for generating a heat with an electrical 

was not heated, ami^length was relatively SiJltSJE ^ ° R 

the vaporized alununumgas was adsorbed to L £■ ZSilS^^T^* 8 

necting tube or diluted, or dispersed, and the ion inten- i 5 iT^JZl JTL TT 

si ty of the aluminum was gready reduced. ^IZ^^li^l'!^ ^ the | r ° Up 

As is evident from the above, die sanmle-fotrodudng L , ^ * mt ?*7 81,(1 

apparatus of embodiment 6 can enhance the detecting 811 ek « r ? de ^ture for supporting the heater and 

sensitivity of the aluminum ion, about 500 toZntS , dectrical power to the heater, 

paring with a conventional inductively coupled plasma 20 «. \ ** apparatus according to claim 1, wherein the 

^spectrometry, and about 10 timJ comparing S ^^^T^T^ ^ ° f 8 

the inductively coupled plasma mass spectrometry used matenal selected from the group consisting of tantalum, 

jointly with a conventional vaporization method. Also, ^stim, rhenium zircomum. 

the sample introducing apparatus of this embodiment 6 . An apparatus according to claim 1, wherein the 

can be used in combination with the inductively cou- 25 588 K essentiall y consisted of the gas selected from 

pled plasma emission spectrometer, and can enhance the * e gIOU P ^^^^S of argon, helium and a gas added 

detecting sensitivity, about 10 times comparing with a . hydrogen. 

conventional inductively coupled plasma emission spec- 4> ^ apparatus according to claim 1 { wherein the 

trometry. 61m structure has a thickness within a range of 1 -10 

As described above the heating means surrounds the 30 ' wn * 

connecting portion between the cuvette and the plasma 5 - ^ apparatus according to claim 1, wherein the 

touch portion. Therefore, the temperature of the con- met ^ 0xidc essentially consists of a material selected 

necting portion can easily be raised, and the vaporized from group consisting of tantalum oxide, tungsten 

sample gas flowing through the connecting portion can oxide zhconiura oxide. 

be prevented from being condensed or adsorbed 35 & An apparatus according to claim 1, wherein the 

thereto. As a result, the efficiency of introducing the metal nitride essentially consists of a material selected 

target elements into the plasma torch of the inductively fr°m the group consisting of tantalum nitride, tungsten 

coupled plasma mass spectrometer can 'greatly be in- --• 



lyzed with high sensitivity or high accuracy by means 40 7 - An apparatus according to claim 1, wherein the 
of the inductively coupled plasma mass spectrometer fflm structure includes a Bingle film which essential 

Also, it is possible to easily monitor, from outside the consists of a material selected from the group consisting 
adsorption state of the sample gas in the connecting °f metal oxide and metal nitride, and the heater has the 
portion, since the connecting portion is made of a trans- inner surface coated by the single film, 
parent and good acid-resistant material For example, 45 8 - An apparatus according to claim 1, wherein the 
when the sample gas is adsorbed to the connecting electrode structure has an inner surface on which the 
portion, the connecting portion is colored, and the con- 51m structure is formed, and the film structure essen- 
densation is attached to the connecting portion. There- tially consists of a material selected from the group 
lore, the adsorption can be recognized by naked eyes. consisting of metal oxide and metal nitride. 
Whenever the condensation is found, it is removed, 50 9. An apparatus according to claim 8, wherein the 
whereby as a result, it is possible to analyze the sample, metal oxide essentially consists of a material selected 
with no sample gas adsorbed. from the group consisting of tantalum oxide, tungsten 

Also, the vaporized sample gas can be prevented oxide and zirconium oxide, 
from being condensed on the connecting portion or 10. An apparatus according to chum 8, wherein the 
absorbed thereto, or being dispersed or diluted. 55 metal nitride essentially consists of a material selected 

Also, since a plurality of the portions connecting the from the group consisting of tantalum nitride, tungsten 
cuvette and plasma touch portion are arranged parallel, nitride, hafnium nitride, zirconium nitride and titanium 
and the members for changing the paths of the sample nitride. 

gas are installed on the coupling portion of said con- 1L An apparatus according to claim 8, wherein the 
necting portions, the sample gas can be flowed through 60 film structure includes a single film and the single film 
other connecting portion if one connecting portion is essentially consists of a material selected from the group 
cmrtammated by the adsorption of the sample gas, etc consisting of metal oxide and metal nitride. 
Therefore, it is not necessary to remove, wash, connect ■ 12. An apparatus according to claim 1, wherein the 
or adjust the connecting portion. The analyzing opera- heater comprises a cylindrical cuvette having the inner 
tion is easily and continuously performed. 65 surface on which the film structure is formed, and the 

As o^rAed above, according to the present inven- film structure includes a single film essentially consist- 
^11? ^ *?, P 1 ™.^ ^Pie-introducing fog of a material selected from a group consisting of 
apparatus which enables an inductively coupled plasma metal oxide and metal nitride 
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13. An apparatus according to claim 12, wherein the a heater for generating a heat with an electrical 



cylindrical cuvette essentially consists of graphite. power, which is provided with a film structure 

14. An apparatus according to claim 13, wherein the having an inner surface for defining a path through 
film structure includes a two-layered film, the surface of which the inert gas is passed and on which the 
the heater being coated by a metal carbide film, and the S sample is to be located, the film structure including 
carbide film being coated by one of a metal oxide film a material for forming the inner surface, and essen- 
and a metal nitride film. daily consisting of one selected from the group 

15. An apparatus according to claim 14, wherein the consisting of metal oxide and metal nitride; 
metal carbide film is essentially consisted of a material an electrode structure for supporting the heater and 
selected from the group consisting of tantalum carbide, 1° supplying the electrical power to the heater; 
tungsten carbide, hafnium carbide, zirconium carbide a means for ionizing the vaporized sample with a 
and titanium carbide. plasma into excited sample ions; 

16. An apparatus according to claim 1, wherein the * means for introducing the sample ions; and 
heater comprises a cylindrical cuvette, and a metal tube a means for mass-separating the introduced sample 
and fitted in the cylindrical cuvette, the tube has the 15 j 00 * detecting the intensity of the introduced 
inner surface for defining the path, through which the i°ns. 

inert gas is passed, the film structure is a two-layered A. sample analyzing apparatus according to claim 

film, the surface of the tube is coated by a metal carbide 26 > wherein said ionizing means includes means for 

film, and the carbide film is coated by one of the metal generating the plasma. 

oxide film and the metal nitride film. 20 28. An apparatus according to claim 26, wherein the 

17. An apparatus according to claim 16, wherein the heater md electrode structure essentially consist of a 
metal carbide essentially consists of a material selected mftt erial selected from the group consisting of tantalum, 
from the group consisting of tantalum carbide, tungsten tungsten, rhenium and zirconium. 

carbide hafnium carbide, zirconium carbide and tita- . ^ An according to claim 26, wherein the 

nium carbide. 25 ^ 8^ b essentially consisted of a gas selected from 

18. An apparatus according to claim 16, wherein the 1 ?J° Up consist5n S of ^Soa, helium and a gas added 
cylindrical cuvette essentially consists of graphite. w ™ hydrogen. 

19. An apparatus according to claim 1, wherein the „ 30- apparatua according to claim 26, wherein the 
film structure includes a two-layered film, the surface of ™ structure has the thickness within a range of 1 -10 
the electrode structure is coated by a metal carbide film ^ A 

and the carbide film is coated by one of the metal oxide *T, A° *PP arat »s according to claim 26, wherein the 

film and the metal nitride film. oxlde essentially consists of a material selected 

20. An apparatus according to claim 19, wherein" the rf tantfdum oxide > tun «" tel 
metal carbide film essentially consists of a material se- „ * zirconium oxide. 

lected from the group consisting of tantalum «rWdt J^J^ g * * 

tungsten carbide, hafnium carbide, zirconinm carbide ^£%Z?ZS » xlected 

and titanium carbide. e consisting of tantalum nitride, tungsten 

2L An apparatus according to claim 1, wherein the nitride ' 2kconkm and titanium 

vaporization of the sample, and grooves coated by me -TT fflm . wmch 

film structure are formed on the inner surfS feeing Z SSl^T*!^^^ 

sample introducing hole. ? f «*k and metal nitride, and the heater has the 

22.Ana PP aratosaccordmgtoclaim2^^ , . , 

film structure has a thickness within a range of 1-5 J"*"*?* to ckmn 2 * wherein 

«. T,iuuu a laugc w i iv electrode structure has an inner surface on which the 



23. An apparatus according to claim 1, further com, ^ COnsUts rf 8 Serial selected" from Ae g^oup 
TZt' „, j^x- ■ „. _ _ . , „ consisting of metal oxide and metal nitride. 

25. An apparatus according to claim 24, wherein the 37. An apparatus according to claim 34, wherein the 
KJ^" 1 atleastoneflowingpath defines 60 film structure includes a single fflm^LsbgTfi?m 
SS^^ 1116 ^ 81 * essentially consists of a material selected from thl group 
and the inert gas carrying said vaporized sample to the consisting of metal oxide and metal nitride, 
inductively coupled plasma mass spectrometer, and 38. ^apparatus according to chum Sfwherein the 
mchKles means for selecting one of said plural flowing heater ccmprises a cylindrical cuvette having thTmnS 
a „o^„i , • 65 surface on which the film structure is formed, and the 

f ™Jf^ P analyzing apparatus comprising: film structure includes a single film essentially consist- 

T«T SUp f lyms m S 38 carrying a vapor- ing of a material selected from a group consisting of 
rzed sample; metal oxide and metal nitride. 



film structure is formed, and the film s 
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39. An apparatus according to claim 38, wherein the film and the carbide film is coated by one of the metal 
cylindrical cuvette essentially consists of graphite. oxide film and the metal nitride film. 

40. An apparatus according to claim 38, wherein the An apparatus according to claim 45, wherein the 
film structure includes a two-layered film, the surface of metal carWde fihn essentially consists of a material se- 
ttle heater is coated by a metal carbide film, and the 5 lected fr0m * e group consisting of tantalum carbide, 
carbide film is coated by one of a metal oxide film and TfJZi X^™* **** zirc0I,ium flrtMe 
a metal nitride film. and utouum carbide. 

77 * 47. An apparatus according to clahn 26, wherein the 

41. An apparatus accordmg to chum 40, wherein the heater has a sample introducing hole for introducing the 
metal carbide film essentially consisted of a material 10 sample into the mner surface of the film structure to the 
selected from the group consisting of tantalum carbide, vaporization of the sample, and grooves coated by the 
tungsten carbide, hafnium carbide, zirconium carbide film structure are formed on the inner surface faced to 
and titanium carbide. the sample introducing hole. 

42. An apparatus according to claim 26, wherein the 48. An apparatus according to claim 47, wherein the 
heater comprises a cylindrical cuvette, and a metal tube 15 ^ structurc 1,83 8 thickness within a range of I -10 
having a high melting point and fitted in the cylindrical . 

cuvette, the tube has the inner surface for defining the a PP aratu » ^otdmg to chum 26, further corn- 

path, through which the inert gas is passed, the film P ^L. deS ^ os at kMt Meflowin _ _ ath ,__ 
structure is a two-laycred film, the surface of the robe i. 20 mg ^ 

coated by a metal carbide film, and the carbide film is said vaporized sample to the inductively coupled 

coated by on of the metal oxide film and the metal plasma mass spectrometer; and 

nitride film. a means for heating said means for defining said at 

43. An apparatus according to claim 42, wherein the least one flowing path. 

metal carbide essentially consists of a material selected 25 50. An apparatus according to claim 49, wherein the 
from the group consisting of tantalum carbide, tungsten means defining said at least one flowing path is made of 
carbide hafnium carbide, zirconium carbide and tita- a transparent material 

nium carbide. 51 - An apparatus according to claim SO, wherein the 

44. An apparatus according to claim 42. wherein the 30 S^^^l^ *fS» 
cyh^cmcuv^essen^ycon^ofgeaphite. " ffaE£SfflSSStt^tE 

45. An apparatus accordmg to claim 26, wherein the Uvdy couple pLma maT^trc^er.^dtadS 
film structure includes two-layered film, the surface of a means for selecting one of said plural flowing paths, 
the electrode structure being coated by a metal carbide • * * * * 
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